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TMs f8 the third Qllarterly rapart for the "S- of Capacitors for Static 
Inverters ami C O ~ r t e r a ~ ,  

The objectives of t h i s  &udy a r e s  (1) to eatabllsh capacitor AC chameter- 
is t ics  and rat- far mliible operation in aerotqx~ce static imerter and 
converbr applicatioq and (2) to facillfate the proper capacitor selection 
ta arirrtmtse v o k  and weight  coxmisbnt with nmx5mmk eqaipent performance 
and reliability, 

This study was M%iated because the significant capacitor volume, mi@&, 
parser 108s and reli&Uity factors ia space 9pplicati613e of static inverters 
and ccmverbm are at aprwdumand there are inadeqaste capacitor AC data 
ax3 characteristics to enable consistent performance predictions. 

c )  Anafysia of cannrmtating capacitor hS-8. 
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CapaCi tslreeandMsaipa t ion Factor T e s t s  



A M  f? 

R I= 99.7 OHMS. CS=.OI MFD.,GEN.RADIO STD. I 4 0 9 L  

C X = Capacitor u e r  test 

RC= Adjustable resistance (switch, fixed resistors and a potentiometer) 

R D= Adjustable resistaace (Switch, fixed resistor and a potentiometer) 

A M  - 

M - Harmonic W m  m e r  - used as nun detector 

Dissipation Factor = Rcx = Rd = TbgurJS 

> 

B a t t e r y  operated, single stage, transistor ampllf&er 

G G  
m m  %S t b  8ffm'biW Z'dA-9 Of C g P a e i k r  tgldsr 



Calcalation of ths heat input to the cabrlmhr ~ ~ a y  be dtained 
fl.rarm: 

1% =watts - *~/ktmta 

. - 
Watts 
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Bridge data for elghty-five (85) capacitors ham been obtained fo r  
25% ambier&, but t b  caloriraeter tests t o  prtm5.de correction 
fsctars far the bridge data have not been completed. !Rsre asre 
three (3) m s  of capacitors in this group of eigw-fivw 
ll&iuised polyawbomltq (2) pa3ycasbom/fosl; aad (3) -ed 

(I) 

paper. 

L3 Redts of T e s t 8  

Capacitor disaiprtion factor8 for wet-& poly~&oaate in 2 5 ' ~  
&imt are a;ppraimrrtely. 0.15 percent a t  400 ~I.es/second and 
-8 with frequency t o  -ly l.0 percenb at 10 Idlocycles, 
Brfdge and c-sf data far thee (3) capacitor rat- are 
.Gabtrlafed in Tables A-1, A-2, and A3, 
plotted in Figums h, 5, and 6 t o  illnetrate the variation of the 
dissipation factars for a given capacitor rating, 
ntefallited paper capacitors are tabulated i n  Table A-4 and plotted 
in Figore 6 A  for reference parposes. 

Part of these dah are 

Sfreilnr data for 

-tion of the data in Tables  A-1, A-2, and A-3 S- ~ v 1  
approximate capacitance ixicreaae of 2.0 percent f r o m  400 cycles/ 
secoad t o  10 kilocycles, 

Dissipation factor measurement f o r  one of the capacitors listed in 
Table A-3 was tsctended t o  50 kuacycles as sham in Figure 7 for 
reasom given i n  section 2.3 of t h i s  report,, It is interesting to 
note the slope of the dissipation factor c b a r a c M s t i c  i n  Figure 7 
at 50 kilncycles approxbates the slope of 1 kilocycle, 

2.0 Commutating Capitor Tests 

2.1 2sE?z!E 
Capacitor losses in comwtating applications are of primary interest 
to  an equipnext designer selecting commutating capacitors f o r  aero- 
space inver2;er and converter e & p n t  designs, A method of 
correlating capacitor losses, while operating in commutating circults, 
t o  cawacitor losses measnse d with more comrrtional test equipment 
and sinzlsoidal voltages is desired, 
facilitate the proper capacitor type selection and preparation of 
capacitor specifications by the equipnent designer t o  obtain predicted 
capacitor p e r f o m e  on a consistent basis, 

Such a correlation method would 

2*2 Description of T e s t  

A 2.5 microfarad, 400 Vn= meta3liffed polycarbonate capacitor uas 
mounted in a calorinreter and ft*s dissipation factor detexdned 
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2.3 Reslilts of Test 

3.1 
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4) Since the basic frequmcy of the commzutsting current pulse 
is considerrrbly different than th ripple, an ammption waa 
arade tbat a part of the capacitor losses a m  sssociated with 
this pulse voltpapers Wl. .  It lima a s h  tha t  tbe 
collaarrtating current pdlse conformed to a quarter siae ~ 6 2 1 ~ )  

function d d n g  an interdL of 47.5 microseconds and had a 

voltage function during t b l s  time .Interrral c o n f o n d  t o  a 
cosine fmtion, From these assumptiom, Ius voltage sad 
current values were calculated fo r  smootfr wavefom as shown 
h F i g a r e  11. 

pesk V&W Of 10.2 T - 8 .  It W 8 S  a b 0  that ths 

5 )  The RKS values obtained in 4) above were sztbtracted Frolm 
those obtained in 3) above. The difference between these 
IBS voltage and current values was associated with the rippl6 
freqnency, 

The R l S  volbampere product, fram the smaoth 
and the capacitor dissipation factor at the commutating pulse 
Frequerrcy yields that portion of thb  capacitor loss associated 
with the conmutation pulse. 

caaanatating pulse, 

T a u  the €DE volbaupre produd, associated with the ripple 
frequency, and the capacitor dissipation factor a t  the ripple 
€hquency yields that portion of the capacitor loss attributed 
t o  the ripple. 

Results of Analysis 

The portion of the commutating capacitor loss associated w i t h  the 
commutation pulse wa8 calculated to be 0,307 watts. The calculated 
loss attributed ta the high frequew rippk was determined to be 

very favorably with the 0.91 watts for the conarmtating capacitor 
bss as determined from calorimeter masurem&s. 

0,662 wafts. The sUU O f  these tWO lOSSe8 iS 0.969 tlattS arad C-8 

Although the comcrutation pulse vel- are 2.5 greater than the 
v’olt-amperes from the high frequency ripple the losses attributed t o  
the conamtation @e are approximately o m h a l f  that from t b  high 
frequency ripple, 
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Separation of bmea 88 described 3n the method of analpi8 provide8 
a method of carrelating commutating cspgcitar losses w h i b  operating 
.la ixverters and those &taW with sinusoidal tsryvBform measur-. 
This 
lasses 8re a fmrction of the frequencies with which a dielectric ia 

confirms ths gemrally accepted rule that capacitor 

C d k d h t i O X l S  Of fhe VOl- and C W l W I t S  aad captrcftO2’ b8SeS 
k.aw tkis analyrria are contzbed in Appencllx B, 

Work Planned for mext Quarterly Report Period 

It is planned t o  camplete the capacitance and dissipation factor 
measurermnta for the cigt -five (85) capacitors over an ambient 

cyclea/seco& to 10 k2locychs. 

4.0 

4q3eI-a- range from -55 % t o  +85% a9d frequency range fIWxl400 

Appmxbatefy fif ty (50) of these capacitors tTill be subjected t o  
ent3ur-e or W e  test ing at 85% mibient with rated and abm rated 
vbltages for periods up to loo0 hours. 

Tendora of capacitmqwhich exhibit significant variations of 
dissipation factors for a given cspaeitor rat- will be contacted 
axid requested t o  deterdm the masons for such significant variations. 

Further teszing f o r  dissipatj-on factors q to 8G Idlocycles is planned 
aa a result of the commutation capacitor loss aaalysis. 

5.0 c o ~ l u s i o n s  

Dissipation factors for n e t n l e d  polycarbonste capacitors are 
spproxhately one-half’ that for metalllsed paper capacitors in the 
range of fmquencies fnrm 400 cycbs/secorxi to 10 ~dlacycbs. 

A cormhtion between commtation capacitor losses while subjected 
to  canrpleac m w f m  and from sinuso5dal wavefoms has been obtained. 
IEgh frequency r3.ppY.e on capacitor waveforms can cause excessive 
heating if the  RKS voltlillrrpere products are appreciable. 

Capacitors & j e c t e d t o  sinusoidal. or commutation current duty a p p L  
eat5ons should lave msximUm &sipation factors specified for ths 
temperature and frequencies o f  Merest to facilitate prediction of 
performance. 



Capacitor T e s t  Data 

A calibration data curve for  the c a l o r b t e r  used in capacitor t w t i n g  is 
shoun i n  Figure Ad.. These data used in plotting tkds c m  were obtaiaed 
by recording cafariabeter fluid tffnrnerntnrn v 8 ~ ~ m 8  flme, 

Figure A 2  illustrates a calarlmheter data curve for  a capacitor energized with 
a sinusoidsl voltage of 25 volts Curve8 
of this tspe were obtained a t  each test frequency for determining the capacitor 
dissipation factor characteristic. 

at 5 kibcycles in a 25% aztbient, 

lkpdance brAdge data for t h e e  (3) groups of five ( 5 )  capacitors each are 
tabulated i n  Tabbs Ll, A-2, and A-3, Dissipation factor correction factors 
were 0- by fak=tmg ratios of the bridge data a t  the test frequencies fo r  
the capacitor tested in the csloriraeter and the other fom (4) capacitors in 
the gx-oup tiuEs the c&- data, 

Figure A-3 is a photograph of the  impedaace bridge aad associated test equip- 
=&* 
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Azralysis of Cumantat- C a p a c i t o r  hsaes 

From Figure 9, tfie c h a t i o n  current pulse duration is 47.5 microseconds. 
The shape of t h i s  pulse appraBma tes a quarter sine wave with a frequemy of 

Ani2tlysia of the F I B  voltsgs snd current from the cosnwtatfng capacitor 
fosrna ia described in section 3.1 of th is  raport, Squared values for a portion 
of the wltage apd current M o m  are illustrated fn Figure 9. !he mum 
of the squared volt-second axxi 8mpere-seccmd values from the waveform pictures 
are: 

2 
(1) 4,505,217 Volt-wec = 1820 volt' 

2500 u56c 



The product of the Rpas. voltage and current associated with the ripple and the 
capacitor dissipation factor determined with s i n n s o m  voltages at the ripple 
fI-equelzcy mld8: 

(1) Dissipation Factor fmn Figure 7 for 80 kLbCgclear = 9.9% 

0.671 watts (ripple) 
3m watts 

The measwed cOnanrtation capacitor loss in the calorimter was 0,9l watts 
and favorable agreement,, witbin 7.5 percent of this loss, uas acMeved with 
the described 8IJBJysIs. 




